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Role of non-biting midges (Diptera: Chironomidae) as biomonitoring agents
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Abstract

Chironomids are cosmopolitan, diverse aquatic insects of freshwater systems. Bioindicators provides information
about ecosystems that are very sensitive to pollutants in the environment. Their morphology, physiology and
behavior are affected by the concentration of certain pollutants or it may die. Polytene chromosomes of these
midges may be used as biomarkers for heavy metal pollution. Aberrations in polytene chromosomes correlate
with degree of pollution stress and express diverse response to toxic agents.
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Introduction

Members of the family Chironomidae (Diptera) are often called blind mosquitoes and non-biting midges. They
show close affinities towards families Ceratopogonidae and Culicidae (Armitage et al, 1995) M1, Ferrington et al,
2008 reported the existence of nearly 5000 species throughout the world. The larvae of non-biting midges are
benthic and sediment dweller (Oliver, 1971) [¥1. Most of the larvae are red due to the presence of hemoglobin,
that permits them to live in low oxygen concentrations and it may also help to metabolize xenobiotics.
Chironomids are one of the most important sources of food for birds and fishes (Hudson et al, 1990) I, They act
as a link in aquatic food webs between producers (benthic algae and phytoplanktons) and secondary consumers.
Bioindicators are the living organisms, which are used to assess the condition of the natural ecosystem.
Chironomids are one of the most important bioindicators among aquatic insects. Furthermore, they are important
to freshwater monitoring, protection, and conservation due to their response to adverse changes in environment
(Barbosa et al, 2001) 1. Chironomids are well known due to their potential role as biological indicators of
environmental conditions and pollution stress (Pinder, 1986) (1%,

Study of morphological changes as a biomonitoring tool

Larvae of non-biting midges are benthic, live at the bottom, where pollutants often accumulate. Generally,
eutrophic water is inhabited by species eating organic meals and bottom deposits with the filtration method.
These deposits are utilized by larvae during feeding and nest building; so they are constantly affected by
pollutants. Larvae can metabolize these contaminants, but the end products may also influence morphological
changes. Pollutants are accumulated in their tissues and these larvae act as a primary link in the food chain from
sediment to humans through fishes and other aquatic animals. Antennal deformities also provide warning for the
presence of toxic pollutants in the aquatic environment (Warwick, 1990) M. Lenat (1993) [ classified the
deformities in mentum into three groups:

Group 1: Very little deformities almost indistinguishable from normal one.

Group 2: More distinct deformities, like extra teeth, missing teeth, large gaps, and asymmetry.

Group 3: With three or more alterations from normal one.

Changes in polytene chromosome as a biomonitoring tool

Somatic cells of larvae of non-biting midges are very responsive to the effects of contaminants in aquatic
environment. Nucleolar organizer (NOR) and Balbiani rings (BR) are considered as models for this purpose
(Hudson & Ciborowski, 1996) M. Structural and functional changes of the polytene chromosomes of salivary
glands show responses to the pollutants. Functional alterations occur in several ways, like decrease in puffing
activity of NOR and BRs, appearance of new puffs, decondensation of telomeres and centromeres along with
synapses in both the homologues. Balbiani rings are related to genes that encode silk proteins of high-
molecular-weight that are required to build the tubes for themselves. Increased transcription in BRS, results into
large puffs. Treatment with various concentrations of ethanol, galactose and cyclohexamide lead to decreases in
the level of transcription. NORs are sites of high transcription where rRNA genes are found in higher number
that are essential for cellular maintenance (Hudson & Ciborowski, 1996) (. The intensity of transcription is
related to protein requirements of the cells. The most frequently encountered chromosome aberrations are
deletions, inversions and amplifications. They are considered as one of the best marker of trace-material
genotoxicity (Michailova et al, 2011) (€,
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Metals like Zinc, Iron, Copper, Magnesium, Cobalt etc are required in trace amount for normal cellular functions
as they form active sites for many enzymes. However, if physiological concentration exceeds, they are toxic to
cells. They can cause both acute and chronic toxicity; leading to various types of disorders in hatching, growth,
maturation and reproduction.

The biological approaches for assessing the impact of contaminants on environment have some advantages. They
provide direct way to study the impact of contaminants. It also allows evaluation of contaminants at different
levels of ecosystem. Chironomid larvae can be kept in controlled conditions in acute and chronic tests for
detection of toxicity. Higher concentrations of trace metals affect the genome of chironomids. Genome
instability was shown by inversions and tandem fusions that create novel combinations of genes and lead to
micro evolutionary process of chironomids. Somatic structural and functional alterations result in decreasing the
activity of NOR and BRs in salivary gland chromosomes of chironomids (Kiknadze et al, 2010). Detection of
rearrangements in salivary gland chromosomes is considered as one of the most accepted bioassay techniques in
freshwater ecosystem.

Conclusion

Mouth parts deformities in non-biting midge larvae have a relation with pollution. Changes in polytene
chromosomes may be used as biomarkers for heavy metal pollution. They exhibit different degrees of response
to toxic agents. Chironomid larvae are considered as a potential tool for the assessment of adverse effects of
toxic agents at different levels of ecosystem.
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